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CLAIMS 

What is claimed is: 

1. A fractional-N synthesizer comprises: 

forward path operably coupled to produce an output 
frequency from a reference frequency and a feedback 
reference frequency that is based on a divider valued- 
configurable feedback path operably coupled to produce the 
feedback frequency, wherein the configurable feedback path 
includes : 

first feedback path used to provide the feedback 
frequency when a fractional value of the divider value 
is within a range of fractional values; and 

second feedback path used provide the feedback 
frequency when the fractional value of the divider 
value is not within the range of fractional values, 

2. The fractional-N synthesizer of claim 1, wherein the 
forward path further comprises: 

phase-frequency detector operably coupled to receive the 
reference frequency and the feedback frequency, wherein the 
phase-frequency detector produces a difference signal based 
on the phase-frequency difference between the reference 
frequency and the feedback frequency; 
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charge pump operably coupled to receive the difference 
signal and produce therefrom a charge-up signal or a 
charge-down signal; 

5 low pass filter operably coupled to filter the charge-up 
signal or the charge-down signal to produce a filtered 
signal; and 

controlled oscillator operably coupled to produce the 
10 output frequency based on the filtered signal. 

3. The fractional-N synthesizer of claim 1, wherein the 
\a configurable feedback path further comprises: 

U 15 sigma delta modulator operably couple to receive the 

pi 

y*j fractional value or a modified fractional value and produce 

jS therefrom a reference digital signal; 

5 summing module operably coupled to sum the reference 

i* 20 digital signal with an integer value of the divider value 

n i 

p or a modified integer value to produce a first divider 

^ select signal; 

multiplexor operably coupled to provide an output of the 
25 first feedback path as a partial feedback frequency when 
the fractional value of the divider value is within the 
range of fractional values and to provide an output of the 
second feedback path as the partial feedback frequency when 
the fractional value of the divider value is not within the 
30 range of fractional values; and 
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selectable divider operably coupled to produce the feedback 
frequency from the partial feedback frequency based on the 
first divider select signal. 

4. The fractional-N synthesizer of claim 3, wherein the 
first feedback path further comprises: 

a fixed divider that divides the output frequency by a 
fixed integer value to produce the partial feedback 
frequency. 

5. The fractional-N synthesizer of claim 4, wherein the 
fixed divider divides the output frequency by a fixed 
integer value to produce an I component and a Q component 
of the output frequency, wherein the second feedback path 
further comprises; 

second selectable divider that divides the I and Q 
components of the output frequency by a selected divisor to 
produce a reference I frequency and a reference Q 
frequency; 

I mixer operably coupled to mix the reference I frequency 
with the I component of the output frequency to produce a 
first mixed frequency; 

Q mixer operably coupled to mix the reference Q frequency 
with the Q component of the output frequency to produce a 
second mixed frequency; and 

summing module that sum the first and second mixed 
frequencies to produce the partial feedback frequency. 
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6. The fractional-N synthesizer of claim 3, wherein the 
second feedback path further comprises: 

5 quadrature module operably coupled to produce an I 
component and a Q component of the output frequency; 

second selectable divider that divides the I and Q 
components of the output frequency by selected divisor to 
10 produce a reference I frequency and a reference Q 
frequency; 

s . I mixer operably coupled to mix the reference I frequency 

D with the I component of the output frequency to produce a 

D 

U, 15 first mixed frequency; 

111 
if! 

yQ Q mixer operably coupled to mix the reference Q frequency 

r* with the Q component of the output frequency to produce a 

iT* second mixed frequency; and 

Li 20 

summing module that sum the first and second mixed 
H" frequencies to produce the partial feedback frequency. 

7. The fractional-N synthesizer of claim 3, second 
25 feedback path further comprises: 

quadrature module operably coupled to produce an I 
component and a Q component of the output frequency; 



30 



second selectable divider that divides I and Q components 
of the reference frequency by selected divisor to produce a 
reference I frequency and a reference Q frequency; 
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I mixer operably coupled to mix the reference I frequency 
with the I component of the output frequency to produce a 
first mixed frequency; 

Q mixer operably coupled to mix the reference Q frequency 
with the Q component of the output frequency to produce a 
second mixed frequency; and 

summing module that sum the first and second mixed 
frequencies to produce the partial feedback frequency. 

8. The fractional-N synthesizer of claim 3 further 
comprises : 

controller operably coupled to the configurable feedback 
path, wherein the controller determines when the fractional 
value of the divider value is within the range of 
fractional values, wherein the controller determines the 
modified fractional value and the modified integer value 
when the fractional value of the divider value is not 
within the range of fractional values, and wherein the 
controller generates a control signal that causes the 
multiplexor to provide the output of the first feedback 
path or the output of the second feedback path as the 
partial feedback frequency. 
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9. A method for fractional-N synthesis, the method 
comprises : 

generating a first feedback frequency from an output 
5 frequency based on a fixed divider value, a fractional 

value of a divider value, and an integer value of a divider 
value, wherein the divider value and the fixed divider 
value indicate a ratio between a reference frequency and 
the output frequency; 

10 

generating a second feedback frequency from the output 
frequency based on a selectable divider value, a modified 
fractional value of the divider value, and a modified 

■SST.K 

O integer value of the divider value; 

is 

^ utilizing the first feedback frequency to produce the 

m output frequency when the fractional value is within a 

bl 

~~ range of fractional values; and 

20 utilizing the second feedback frequency to produce the 

Iff | 

output frequency when the fractional value is not within 

H the range of fractional values. 

10. The method of claim 9, wherein the generating the 
25 first feedback frequency further comprises: 

generating a first partial feedback frequency by dividing 
the output frequency by a fixed divider value; 
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sigma delta modulating the fractional value to produce a 
digital reference signal; 
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summing the digital reference signal with the integer value 
to produce a divider signal; 

dividing the first partial feedback frequency in accordance 
5 with the divider signal to produce the first feedback 
frequency. 

11. The method of claim 9, wherein the generating the 
second feedback frequency further comprises: 

10 

dividing the output frequency by a fixed integer value to 
produce an I component and a Q component of the output 
Ss frequency; 

2 15 dividing the I and Q components of the output frequency by 
*tf the selectable divider value to produce a reference I 

yy frequency and a reference Q frequency; 

|-E 

mixing the reference I frequency with the 1 component of 
20 the output frequency to produce a first mixed frequency; 

pas : 
I i;J 

M ! mixing the reference Q frequency with the Q component of 

the output frequency to produce a second mixed frequency; 

25 summing the first and second mixed frequencies to produce a 
partial feedback frequency; and 

dividing the partial feedback frequency based on a divider 
signal to produce the second feedback frequency. 

30 

12. The method of claim 11 further comprises: 
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sigma delta modulating the modified fractional value to 
produce a digital reference signal; and 

summing the digital reference signal with the modified 
5 integer value to produce the divider signal. 

13. The method of claim 12 further comprises: 

determining the modified fractional value based on the 
10 selected divider value; and 

determining the modified integer value based on the 
Li selected divider value. 

15 14. The method of claim 9, wherein the generating the 

in 

second feedback frequency further comprises: 

y3 

dividing the reference frequency by a fixed integer value 
^ to produce an I component and a Q component of the 

Lt 20 reference frequency; 

M dividing the output frequency by a second fixed integer 

value to produce an I component and a Q component of the 
output frequency; 

25 

mixing the I component of the output frequency with the I 
component of the reference frequency to produce a first 
mixed frequency; 

30 mixing the Q component of the output frequency with the Q 
component of the reference frequency to produce a second 
mixed frequency; 
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summing the first and second mixed frequencies to produce a 
partial feedback frequency; and 

dividing the partial feedback frequency based on a divider 
signal to produce the second feedback signal. 
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15. A method for fractional-N synthesis, the method 
comprises : 

determining a fractional value of divider value, wherein 
5 the divider value represents at least a portion of a ratio 
between a reference frequency and an output frequency; 

when the fractional value is outside a range of fractional 
values , selecting a partial divider value; 

10 

determining a modified fractional value and a modified 
integer value of the divider value based on the partial 
divider value; 

2 15 generating a feedback frequency based on the partial 
Ui divider value, the modified fractional value, and the 

y3 modified integer value; and 

H generating the output frequency from the reference 

yk 20 frequency and the feedback frequency. 

fy 

|>* 16. The method of claim 15 further comprises: 

when the fractional value is within the range of fractional 
25 values, generating the feedback frequency based on a fixed 
divider value, the fractional value, and an integer value 
of the divider value. 

17. The method of claim 16, wherein the generating the 
30 feedback frequency further comprises: 
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generating a first partial feedback frequency by dividing 
the output frequency by the fixed divider value; 

sigma delta modulating the fractional value to produce a 
5 digital reference signal; 

summing the digital reference signal with the integer value 
to produce a divider signal; and 

10 dividing the first partial feedback frequency in accordance 
with the divider signal to produce the feedback frequency. 

18. The method of claim 15, wherein the generating the 
feedback frequency further comprises: 

15 

dividing the output frequency by a fixed integer value to 
produce an I component and a Q component of the output 
frequency; 

20 dividing the I and Q components of the output frequency by 
the partial divider value to produce a reference I 
frequency and a reference Q frequency; 

mixing the reference I frequency with the I component of 
25 the output frequency to produce a first mixed frequency; 

mixing the reference Q frequency with the Q component of 
the output frequency to produce a second mixed frequency; 
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summing the first and second mixed frequencies to produce a 
partial feedback frequency; and 
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dividing the partial feedback frequency based on a divider 
signal to produce the feedback frequency. 

19. The method of claim 18 further comprises: 

5 

sigma delta modulating the modified fractional value to 
produce a digital reference signal; and 

summing the digital reference signal with the modified 
10 integer value to produce the divider signal. 

20. The method of claim 15, wherein the generating the 
ts feedback frequency further comprises: 

D 

y& 15 dividing the reference frequency by a fixed integer value 
~; to produce an I component and a Q component of the 

£j reference frequency; 

l ; i 
•ST'." 

S 

p dividing the output frequency by a second fixed integer 

20 value to produce an I component and a Q component of the 

y: output frequency; 

mixing the I component of the output frequency with the I 
component of the reference frequency to produce a first 
25 mixed frequency; 

mixing the Q component of the output frequency with the Q 
component of the reference frequency to produce a second 
mixed frequency; 

30 

summing the first and second mixed frequencies to produce a 
partial feedback frequency; and 
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dividing the partial feedback frequency based on a divider 
signal to produce the second feedback signal. 
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21. A f ractional-N synthesizer comprises: 

processing module; and 

5 memory operably coupled to the processing module, wherein 
the memory includes operational instructions that cause the 
processing module to: 

generate a first feedback frequency from an output 
10 frequency based on a fixed divider value, a fractional 
value of a divider value, and an integer value of the 
divider value, wherein the divider value and the fixed 
divider value indicate a ratio between a reference 

O frequency and the output frequency; 

S 15 

generate a second feedback frequency from the output 
J;j frequency based on a selectable divider value, a modified 

fractional value of the divider value, and a modified 

s. 

integer value of the divider value; 

U 20 

m 

iz utilize the first feedback frequency to produce the output 

M frequency when the fractional value is within a range of 

fractional values; and 

25 utilize the second feedback frequency to produce the output 
frequency when the fractional value is not within the range 
of fractional values. 

22. The f ractional-N synthesizer of claim 21, wherein the 
30 memory further comprises operational instructions that 

cause the processing module to generate the first feedback 
frequency by: 
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generating a first partial feedback frequency by dividing 
the output frequency by a fixed divider value; 

5 sigma delta modulating the fractional value to produce a 
digital reference signal; 

summing the digital reference signal with the integer value 
to produce a divider signal; 

10 

dividing the first partial feedback frequency in accordance 
with the divider signal to produce the first feedback 
frequency. 



P 15 23. The fractional-N synthesizer of claim 21, wherein the 

5 fr 31 

memory further comprises operational instructions that 

AS n 

yi cause the processing module to generate the second feedback 

frequency by: 



20 dividing the output frequency by a fixed integer value to 
produce an I component and a Q component of the output 
frequency; 

dividing the I and Q components of the output frequency by 
25 the selectable divider value to produce a reference I 
frequency and a reference Q frequency; 

mixing the reference I frequency with the I component of 
the output frequency to produce a first mixed frequency; 

30 

mixing the reference Q frequency with the Q component of 
the output frequency to produce a second mixed frequency; 
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summing the first and second mixed frequencies to produce a 
partial feedback frequency; and 

5 dividing the partial feedback frequency based on a divider 
signal to produce the second feedback frequency. 

24. The fractional-N synthesizer of claim 23, wherein the 
memory further comprises operational instructions that 
10 cause the processing module to: 

sigma delta modulate the modified fractional value to 
produce a digital reference signal; and 



[7 15 sum the digital reference signal with the modified integer 
value to produce the divider signal. 

25. The fractional-N synthesizer of claim 24, wherein the 
H memory further comprises operational instructions that 

LT 20 cause the processing module to: 

* 

Ms determine the modified fractional value based on the 

selected divider value; and 

25 determine the modified integer value based on the selected 
divider value. 

26. The fractional-N synthesizer of claim 21, wherein the 
memory further comprises operational instructions that 

30 cause the processing module to generate the second feedback 
frequency by: 
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dividing the reference frequency by a fixed integer value 
to produce an I component and a Q component of the 
reference frequency; 

dividing the output frequency by a second fixed integer 
value to produce an I component and a Q component of the 
output frequency; 

mixing the I component of the output frequency with the I 
component of the reference frequency to produce a first 
mixed frequency; 

mixing the Q component of the output frequency with the Q 
component of the reference frequency to produce a second 
mixed frequency; 

summing the first and second mixed frequencies to produce 
partial feedback frequency; and 

dividing the partial feedback frequency based on a divider 
signal to produce the second feedback signal. 
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27. A fractional-N synthesizer comprises: 

processing module; and 

5 memory operably coupled to the processing module, wherein 
the memory includes operational instructions that cause the 
processing module to: 

determine a fractional value of divider value, wherein the 
10 divider value represents at least a portion of a ratio 
between a reference frequency and an output frequency; 

when the fractional value is outside a range of fractional 
values, select a partial divider value; 

determine a modified fractional value and a modified 
integer value of the divider value based on the partial 
divider value; 

20 generate a feedback frequency based on the partial divider 
value, the modified fractional value, and the modified 
integer value; and 

generate the output frequency from the reference frequency 
25 and the feedback frequency. 

28. The fractional-N synthesizer of claim 27, wherein the 
memory further comprises operational instructions that 
cause the processing module to: 

30 



when the fractional value is within the range of fractional 
values, generate the feedback frequency based on a fixed 
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divider value, the fractional value, and an integer value 
of the divider value. 

29. The fractional-N synthesizer of claim 28, wherein the 
5 memory further comprises operational instructions that 
cause the processing module to generate the feedback 
frequency by: 

generating a first partial feedback frequency by dividing 
10 the output frequency by the fixed divider value; 

sigma delta modulating the fractional value to produce a 
digital reference signal; 

15 summing the digital reference signal with the integer value 
to produce a divider signal; and 

dividing the first partial feedback frequency in accordance 
with the divider signal to produce the feedback frequency. 




30. The fractional-N synthesizer of claim 27, wherein the 
memory further comprises operational instructions that 
cause the processing module to generate the feedback 
frequency by: 

dividing the output frequency by a fixed integer value to 
produce an I component and a Q component of the output 
frequency; 
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dividing the I and Q components of the output frequency by 
the partial divider value to produce a reference I 
frequency and a reference Q frequency; 
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mixing the reference I frequency with the I component of 
the output frequency to produce a first mixed frequency; 

5 mixing the reference Q frequency with the Q component of 
the output frequency to produce a second mixed frequency; 

summing the first and second mixed frequencies to produce a 
partial feedback frequency; and 

10 

dividing the partial feedback frequency based on a divider 
signal to produce the feedback frequency. 

□ 31. The fractional-N synthesizer of claim 30, wherein the 

y ( 15 memory further comprises operational instructions that 
4i cause the processing module to: 

J\ 

sigma delta modulate the modified fractional value to 
H produce a digital reference signal; and 

|I 20 

mi 

u! sum the digital reference signal with the modified integer 

H value to produce the divider signal. 

32. The fractional-N synthesizer of claim 27, wherein the 
25 memory further comprises operational instructions that 
cause the processing module to generate the feedback 
frequency by: 

dividing the reference frequency by a fixed integer value 
30 to produce an I component and a Q component of the 
reference frequency; 
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dividing the output frequency by a second fixed integer 
value to produce an I component and a Q component of the 
output frequency; 

mixing the I component of the output frequency with the I 
component of the reference frequency to produce a first 
mixed frequency; 

mixing the Q component of the output frequency with the Q 
component of the reference frequency to produce a second 
mixed frequency; 

summing the first and second mixed frequencies to produce a 
partial feedback frequency; and 

dividing the partial feedback frequency based on a divider 
signal to produce the second feedback signal. 
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33. An integrated radio comprises: 

radio frequency receiver section operably coupled to 
receive an inbound radio frequency signal and a clock 
signal, wherein the radio frequency receiver section 
converts the inbound radio frequency signal into an inbound 
intermediate frequency signal; 

radio frequency transmitter section operably coupled to 
receive an outbound intermediate frequency signal and the 
clock signal, wherein the radio frequency transmitter 
section converts the outbound intermediate frequency signal 
into an outbound radio frequency signal; 

oscillation module operably coupled to produce a reference 
frequency; 

local oscillator that includes: 
summing module; 
divider module; 

a fractional-N synthesizer that includes: 

forward path operably coupled to produce an 
output frequency from the reference frequency and 
a feedback reference frequency that is based on a 
divider value; 
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configurable feedback path operably coupled to 
produce the feedback frequency, wherein the 
configurable feedback path includes: 



5 first feedback path used to provide the 

feedback frequency when a fractional value 
of the divider value is within a range of 
fractional values; and 



10 second feedback path used provide the 

feedback frequency when the fractional value 
of the divider value is not within the range 
of fractional values, wherein the divider 
module divides the output frequency to 

15 produce a divided frequency and wherein the 

summing module sums the output frequency and 
the divided frequency to produce the clock 
signal . 



^ 20 34. The integrated radio of claim 33 further comprises: 

5 9 

3 

6 the radio frequency receiver section operable to convert 
the inbound radio frequency signal into one of a plurality 
of inbound intermediate frequency signals, wherein the 

25 plurality of inbound intermediate frequency signals 

includes the inbound intermediate frequency signal; and 



the radio frequency transmitter section operable to convert 
one of a plurality of outbound intermediate frequency 
30 signals into the outbound radio frequency signal, wherein 
the plurality of outbound intermediate frequency signals 
includes the outbound intermediate frequency signal. 
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35. The integrated radio of claim 33, wherein the 
forward path further comprises: 

5 

phase-frequency detector operably coupled to receive the 
reference frequency and the feedback frequency, wherein the 
phase-f requency detector produces a difference signal based 
on the phase-frequency difference between the reference 
10 frequency and the feedback frequency; 

charge pump operably coupled to receive the difference 
signal and produce therefrom a charge-up signal or a 
p charge-down signal; 

.=8=1 

111 low pass filter operably coupled to filter the charge-up 

jj signal or the charge-down signal to produce a filtered 

w signal; and 

r! 20 controlled oscillator operably coupled to produce the clock 

OJ signal based on the filtered signal. 

36. The integrated radio of claim 33, wherein the 
configurable feedback path further comprises: 

25 

sigma delta modulator operably couple to receive the 
fractional value or a modified fractional value and produce 
therefrom a reference digital signal; 
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summing module operably coupled to sum the reference 
digital signal with an integer value of the divider value 
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or a modified integer value to produce a first divider 
select signal; 

multiplexor operably coupled to provide an output of the 
first feedback path as a partial feedback frequency when 
the fractional value of the divider value is within the 
range of fractional values and to provide an output of the 
second feedback path as the partial feedback frequency when 
the fractional value of the divider value is not within the 
range of fractional values; and 

selectable divider operably coupled to produce the feedback 
frequency from the partial feedback frequency based on the 
first divider select signal. 

37. The integrated radio of claim 36, wherein the first 
feedback path further comprises: 

a fixed divider that divides the clock signal by a fixed 
integer value to produce the partial feedback frequency. 

38. The integrated radio of claim 37, wherein the fixed 
divider divides the clock signal by a fixed integer value 
to produce an I component and a Q component of the output 
frequency, wherein the second feedback path further 
comprises; 

second selectable divider that divides the I and Q 
components of the clock signal by a selected divisor to 
produce a reference I frequency and a reference Q 
frequency; 
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I mixer operably coupled to mix the reference I frequency 
with the I component of the clock signal to produce a first 
mixed frequency; 

Q mixer operably coupled to mix the reference Q frequency 
with the Q component of the clock signal to produce a 
second mixed frequency; and 

summing module that sum the first and second mixed 
frequencies to produce the partial feedback frequency. 

39. The integrated radio of claim 36, wherein the second 
feedback path further comprises: 

quadrature module operably coupled to produce an I 
component and a Q component of the clock signal; 

second selectable divider that divides the I and Q 
components of the clock signal by selected divisor to 
produce a reference I frequency and a reference Q 
frequency; 

I mixer operably coupled to mix the reference I frequency 
with the I component of the clock signal to produce a first 
mixed frequency; 

Q mixer operably coupled to mix the reference Q frequency 
with the Q component of the clock signal to produce a 
second mixed frequency; and 

summing module that sum the first and second mixed 
frequencies to produce the partial feedback frequency. 
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40. The integrated radio of claim 36, second feedback path 
further comprises: 

5 quadrature module operably coupled to produce an I 

component and a Q component of the reference frequency; 

second selectable divider that divides the I and Q 
components of the reference frequency by selected divisor 
10 to produce a reference 1 frequency and a reference Q 
frequency; 

I mixer operably coupled to mix the reference I frequency 
p with the I component of the clock signal to produce a first 

- § 

r7 15 mixed frequency; 

yq Q mixer operably coupled to mix the reference Q frequency 

m with the Q component of the clock signal to produce a 

s 

I** second mixed frequency; and 

rf 20 

?U summing module that sum the first and second mixed 

frequencies to produce the partial feedback frequency. 

41. The integrated radio of claim 36 further comprises: 

25 

controller operably coupled to the configurable feedback 
path, wherein the controller determines when the fractional 
value of the divider value is within the range of 
fractional values, wherein the controller determines the 
30 modified fractional value and the modified integer value 
when the fractional value of the divider value is not 
within the range of fractional values, and wherein the 
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controller generates a control signal that causes the 
multiplexor to provide the output of the first feedback 
path or the output of the second feedback path as the 
partial feedback frequency. 



